Effect of Reynolds stress on momentum balance and flows in HSX oy
R.S. Wilcox, A. Briesemeister, J.N. Talmadge, D.T. Anderson, F.S.B. Anderson \//

HSX Plasma Laboratory, University of Wisconsin, Madison, USA

Overview Deviation of E, from Neoclassical Prediction

.. . . . . . . . . . . . 25 T T T T T T T . . .
- How optimized must a magnetic configuration be for E, to be determined through non- * Using Langmuir probes to measure the radial floating potential profile on a shot-by-shot basis, = yith assumed T_ profle Collisional Ity scan e
neoclassical processes? E, was found to deviate from the neoclassical calculations made using the PENTA code [1,2] 2t —— 1 Neoclassical 1/v t . vinthe long |
* No T, gradient information available, but based on edge Thomson scattering measurements el eoclassical LIv ranspott oceurs only in tne 1ong 1 Plateau

» Measurements with both Langmuir probes and CHERS indicate that E, can deviate from _ _ _
and a reasonable assumption of temperature gradient, this affect should not greatly affect

mean free path collisional regime 10" | :
*lons are solidly in the plateau regime and no direct ion /\ s

neoclassical calculations which calculate particle flux and enforce the ambipolarity condition . . . SN z
o _ _ - interpretation of E, from floating potential signals S T} Heating bl _ = _
. Locgl meqsurements of Reynqlds stre§s |.nd|cate a flow drive corresponding qualitatively to the - Given a small enough non-ambipolar neoclassical particle flux, other effects can compete to ~. .. eating is available, so ion particle transport is >
deviation in the measured radial electric field determine the radial electric field [3,4] 6(p\7) w relatively fixed experimentally N
. . . . . . . . . ! s = =y . isionality wi i Long MFP _
- For a sufficiently quasi-symmetric magnetic configuration, the neoclassical viscosity can be IxB-Vp-——L—L=V-(pVV + n') 0 1 dE'e_Cttr_O?] C?'I'E'S'Or?g'{t/y }’;"”mb?] Scalnne_d thJ teft SIC?“:g of o B
compensated for by the Reynolds stress (or Maxwell stress) due to turbulence E from Lanamuir Probes. scaled to FSA value o _— \ o5 ENTA otlaecicn! caleclt ] evIation OTE, ant v, TTom neociassical calcliations /—/\9 |
= lans: N be installati b : £ fl : lue of f ) ’ Reynolds stress  Viscosity (NC + turbulent) neaciassical calbeon - Expectation is that less collisional electrons will leadto o ., . 7 . . ., | |
uture plans: New prO e Installation to get a petter estimate of flux surtrace average value o 4 N b — S— - ST — 1| larger deviation from neocassical, and vice-versa 0 01 02 03 04 3.2 06 07 08 09 |
Reynolds stress term in the momentum balance S oronization - Deviation of E, from neoclassical prediction | S e . v, . n
. . . . . P . L . - = - - D. =———oC ——
» Neoclassical transport to be scaled by varying magnetic configuration and collisionality to test ’ corresponds qualitatively to large measured CHERS also measures possible Alternate Magnetic Configuration b oewy T

Reynolds stress flow drive

when. non-ambipolar particle transport anq neoclass!cal viscosity dominate the Reynolds stress = I  Measured Rewnolds strese drive and deviation deviation from neoclassical Cameo 1 *Compare neoclassical particle transport in
term in the momentum balance to determine the radial electric field z ,”# “a o neoclass)i/cal o predictions in CH4 plasmas o'l imor "] different magnetic configurations
N ! . r H ] . . . .
. w1} ,f’ Old boronization ~ew=d with changing impurity content (wall conditioning) (d!ff€rent plasma parameters) —————_ ___ _ FL38 | ° _Effec:ltl!vg r||pple s me]?suI;e %f [;artlcle loss
) ) . : . .~ — _ _ — ———==—=1] incollision regime for E,=
L an g Mmulir P 'O b e Set U p L - Neoclassical calculations are relatively insensitive L e e A : collisionless egt e Of r '|'[ ] '|
0P - ) FL14 1 < For a given percentage of auxiliary coi
: , PENTA neoclassical calculation o expeCted expe”mental Changes ul MeasuredT T - o 1wt L current, ple Conﬁguraﬂon with most
« 5-pin Langmuir probe measures floating potential to 5 LT AR TN * Locally measu_red Reynolds stress and _modele_d T 6 effective ripple to compare to optimized
infer E, and E,, and differential ion saturation current 088 03 0% ”f*‘ 096 0% 1 negclassllfaltv||53003|ty greatly over-predict rotation 2 . t QHS configuration
: - rla and resultant Er = 4
pns are Conflgured as a mach prObe for V” ool . . . —— N oo d I - f wo [ | 1 o Expectation would be for Er measurements
* Fluctuating velocity components obtained from P e, May be due to location of measurement on a I eenTa” T | to more closely match the neoclassical
measured fluctuating ExB velocities, assuming VT, ol ' flux surfac_e (new probe should help) 0 : 0?1 calculation in configuration with designed
fluctuations are negligible: = > T, fluctuations may also be playing a role 08 07 03 09 y o s T T symmetry broken
. d\7f . d\7f § « Reynolds stress flow drive estimated from r/a
v,~E, = . v, ~E, = o Y poloidal momentum balance [4] and a rough [A. Briesemeister et. al., PPCF 2012 (pending)] Summ ary
X X H H H H . . . . . . . .
_ r 0 _ 0 estimate of neoclassical plus neutral viscosity: 1 5 « For a sufficiently optimized magnetic configuration, Reynolds stress can
* Fluctuating v,v  profile taken on shot-by-shot basis 0 o/ (V). =— (<\7 v >) contribute to or even dominate neoclassical non-ambipolar transport in the
from single port location, radial derivative taken to ' - - ' ' ' ' —<v >:0:——(r2<v v >)_ﬂ <V >_y_ <V > 0/Rs vy JorN e . : . .
estimate Reynolds stress flow drive 088 09 092 094 09 098 1 ot e ar rVo o\Vo/ " Vin\Vo Ho T Vin determination of the radial electric field and rotation
/ : : . . : i
e * E, measured in HSX is different than what is calculated from the ambipolarity
Addit N _ e lati PENTA Neoclassical E, Predictions o condition of neoclassical transport calculations in the edge
Itional Langmulir probe installation ) _ _ 8001 - Additional Reynolds stress probe is planned to get a better estimate of the flux
sl ] «Need the flux surface average value of 25| . :‘DENTAtCO?eI [1,2] calculatets the neoclassical partpcle fluxes < &00] : surface average value of the Reynolds stress flow drive
| or a set of plasma parameters in a given magnetic 2 o _ _ _ o _
. Reynolds stress to properly account for it 2 configuratioa then 1Ei)nds the ambipolgar radial?alectric field > 400} - * Proposed experiments will explore the scaling of deviation from neoclassical
! in momentum balance £ : - " calculations with breaking of the designed symmetry, as well as the scaling
R _ = * PENTA uses monoenergetic DKES transport coeffecients, 200¢ o : _ -~ _ _ ! _
005+ * Current prObe Iocatlon IS IN reg|0n Of IOW LICJL 05t corrects for momentum Conservation e ¥ o Wlth eleCtron CO||IS|0na|Ity and neOCIaSS|Ca| e|eCtrOn par“CIe transport
field and bad curvature, where trapped ol "0 02 o0z 08 08 1
P! E— 1. ——— particle and resistive ballooning o5l | T from CHERS, CH, plasmas  « T from CHERS measurement in a o | a |
. . . . EEI instabilities are expected to be Al — 1 0 50 methane discharge 6f ©o ° - R ef e r e n C eS
Planned high- o destabilized a %0 ""i’n;t ‘ * T input into calculations is scaled  « ®| o -
field side probe I « Additional probe installation on high-field o ” ; ; < 50 vy wn nt for removal of o 4 ° 1
p o Slde Of magnetlc Surface ShOUId pgrOVIde Ion rOOt SOIUtlon eXIStS at a” i_ 40 é ‘é“‘-.%\ ::(I)?,] S teOC|ae(;Cfor(L;rr:: ?asfnao ao C 1—% 3! ® i 1) DA Spong, PhyS PlasmaS 12 (2005) 056114
025 better estimate of flux-surface average positions across the minor i I hest bas . <" 3| . ! 2)J. Lore atal., Phys. Plasmas 17 (2010) 056101.
e 9 radius, so “electron root 30 * Neoclassical calculations relatively o :
value of the Reynolds stress _ _ _ - _ 1l o | 3) P. Helander and A.N. Simakov, Phys. Rev. Lett. 101 (2008) 145003.
oa] solutions in the core are not 20k~ Insensitive to changes in T, ol 4) P. Helander and A.N. Simakov, Contrib. Plasma Phys. 50 (2010) 695.
e plotted here fa 2 0e 080 5) V.V. Nemov et al., Phys. Plasmas 6 (1999) 4622.

Existing low-

field side probe 54th Annual Meeting of the Division of Plasma Physics, October 29 — November 2, 2012, Providence, Rhode Island



